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Abstract
Involving younger students in Kindergarten through 12th grade (K-12) in Science, Technology,
Engineering, and Mathematics (STEM) outreach efforts has been an expanding endeavor for the past
few decades. Women in Defense (WID), a non-profit organization focused on cultivating and supporting
women in national security, has sponsored an effort by a team of senior Mechanical and Aerospace
Engineering (MAE) students to fulfill a request given by Ms. Holly Whitt of Walnut Grove Elementary
School in New Market, AL. Following the guidance of Dr. Carmen, of the MAE Dept., and the National
Aeronautics and Space Administration (NASA) Systems Engineering Handbook, a Water Systems STEM
tool was developed to demonstrate three distinct water systems (flooding, hydroelectric power
generation, and water flow changes using dams). This is a hands-on tool used by teachers and students
at Walnut Grove Elementary School. There was a study conducted via the creation of educational
surveys (shown in Appendix A) administered before and after a technical presentation (shown in
Appendix B) and demonstration of the final product in the K-6 classroom. The survey results were
analyzed to evaluate the educational benefits the STEM tool provides.
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Introduction
The main goal of this project was to promote the Science, Technology, Engineering, and
Mathematics (STEM) fields within the upcoming generation of students. Towards this effort, this project
was designed such that the Water Systems Table could be used as a teaching instrument (shown in
Figure 1) and could also inspire the students to have a desire to make these types of tools in the future.
Student involvement and intrigue were key, not only while designing the product (market surveys,
outreach programs, maintaining a level of imagination), but also insuring the product had aesthetics to
help visualize concepts and easy-to-use interfaces.
The objective set for the design was to model three easily distinguishable phenomena involving
water and separate them such that the individual parts could be easily identified, but the whole of the
system was still connected. First, water dams were decided on to show how both humans and nature
have developed methods of controlling water flow. Next, the water wheel was chosen to showcase how
one can capture the power behind flowing water and turn it into electricity. Finally, flooding was
selected to show how man-made lakes are formed, and to be used as a warning towards the severity of
natural floods and especially the creation of flash floods. These subsystems are interrelated, whether
directly or indirectly, with a primary focus on the interaction between the water dam and the water
wheel when varying the amount of water reaching the wheel. This causes the water dam to directly
control the ability of the water wheel to generate power. A Product Breakdown Structure (PBS), shown
in Figure 2, reveals the varying systems on different levels of involvement in the Water Systems Table.
This figure shows the product, the Water System, as level 1, followed by the main subsystems as level 2,
and finally, the components to the items in level 2 are further divulged in level 3.
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Analysis of Water Systems Table
The critical factor of the Water Systems Table is that it is able to be used as a teaching aide
within the environment of Walnut Grove Elementary School. The components of the system had to be
designed such that the concepts they represented were suitable for classes in the K-6 grade range. The
three subsystems were chosen heavily based off of this criteria. The only way to know if this was met,
was to test and verify this application for the product within the environment. This is done through a
STEM Outreach program, in which the product is presented to a sample size of students.

Components of The STEM Tool
The Water Systems Table has three major subsystems: water dam, water wheel, and flooding.
Each of these subsystems are valuable as teaching tools both as an interconnected whole as well as
individual pieces. These were built with simple controls and visible, immediate effects of interacting with
the subsystem.

Water Dam
The dam is a simple obstruction to the water flow in the Water Systems Table. The design
prioritized its visibility when being used, and simplicity to insert or remove the component into the
system. It was created with acrylic panels, cut to size, painted for increased visibility, and stickers with
pictures of dams (both natural and man-made) were put on either side to better visualize the real world
connections. It works through a guided slit in the acrylic cover of the water way and held down by fabric
hook and loop fasteners.
The dam can be used as a starting point behind the reasons for man-made dams. The acrylic
cover on the water way allows the students to see the water flow as a dam is introduced to the system,
and this allows them to see the water slowly build up behind the dam. Since this process is similar to
man-made dams, a teacher could then speak of the benefits of the dams themselves (gathering water,
preventing floods, etc.).

Water Wheel
The water wheel is an automatic subsystem in the Water Systems Table. The only output of the
water wheel is an miniature LED lamp that it is connected to, and it was calibrated to only turn on if
100% of the water flow is towards the water wheel. This requires that the dam is in the correct spot and
prevents the LED from powering in any other configuration. The water wheel is constructed of a paddle
wheel attached to gearing through an axel, a direct current (DC) motor on the other end of the gearing,
and a miniature lamp wired to the DC motor.
Due to the connection between the water wheel and the dam, multiple concepts can be taught
with this subsystem. Of course, hydroelectric power can be shown with the proper configuration. This
allows the introduction of subjects like harnessing nature for human gain, energy conversion (between
kinetic energy and electricity), or even the basic notions behind motors. In conjunction with the dam, by
varying where the dam is the notion of resource management can be introduced.
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Flooding
Consisting of only a valve, PVC plumbing, and a receptacle for the water (two stainless steel
bowls), the flooding subsystem is a very straightforward machine. The two stainless steel bowls each
serve a different purpose: the upper bowl is covered in synthetic grass to give a seamlessly realistic
appearance, and the lower bowl is used as an overflow basin that prevents flooding outside of the
intended area. The valve is operated on the side of the cart and was calibrated so that the valve could be
fully closed without any mishaps.
The flooding system shows three major concepts: controlled floods, flash floods, and a
connection to real life flooding. Because the valve is a ball valve, it can be closed at varying degrees to
increase or decrease the rate of the water level rising. This can be used to show a normal flood that
might accumulate over longer durations. The valve can also be immediately closed which will cause the
flooding subsystem to quickly reach its maximum water level. This can show an observable case of flash
flooding to the students. Finally, along with miniature figurines, the real-life implications of flooding can
be shown using farm animals, that would normally be grazing in an area, finding the field flooding where
they were.

The Final Product
There was plenty of work that went into creating the Water Systems Table. Among the
requirements, technical analysis stands out as an important factor to the creation of this tool. Using a
finite element analysis, a model of stress concentration was created for the outer tank of the Water
Systems Table, shown in Figure 3. This model allows an understanding of how the polycarbonate tank
might react under certain loads. This model shows a 225N force being applied at the center of one side
of the tank. It was this analysis that helped to show the strength and flexibility of the materials chosen in
this product.
The functions of this product are shown in a step-by-step guide known as a Functional Flow
Block Diagram (FFBD), shown in Figure 4. The FFBD allows the visualization of using this tool through
sequential actions mapped out in a straight forward diagram.
Overall, outcome of the final product was a success. The design work and requirements were
tuned by customer, sponsor, and team members alike to provide the correct STEM tool for this school.
Going forward, the product will be a great asset for teachers to provide hands-on learning in the
classroom. Due to the modularity of certain subsystems, the customer looks forward to engaging the
students in the design process for any modifications they might make in the future.

STEM Outreach
One of the most important aspects of the project is the impact on the students’ education
levels. To more accurately measure this impact, the same survey was administered to a sample size of
thirty-two students (shown in Figures 5 and 6) before and after a presentation and demonstration of the
Water Systems Table. The pre-survey and post-survey were identical except for the addition of two
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questions to the post-survey. The presentation and demonstration lasted for approximately thirty
minutes. The results of these surveys are shown in Figures 7 through 17. The changes between the
survey results before and after the presentation and demonstration show a positive trend, indicating a
noticeable increase in the students understanding behind the subjects taught.

Survey Results
The difference in the results from the educational surveys were predominately a positive trend
towards the correct answers or showing increased knowledge towards the STEM subjects. A notable
question asked was “Do you know what STEM means?”, which had a 51% increase in students who
understood the acronym. The three questions revolving around the primary functions of the Water
Systems Table “Do you know what dams are used for?”, “Are you likely to find water wheels in use
today?”, and “Do you know what a ‘flash flood’ is?”, all show positive trends correlating to increased
knowledge on these concepts. The percentage increase for those questions were 15%, 15%, and 25%,
respectively. There was also a much more advanced question, “Are you familiar with any applications of
mass conservation”, which was used to truly test more difficult concepts. The percentage increase for
this question was 31%. These results, and those not mentioned in Figures 7-17, can lead to the
conclusive notion that this STEM tool can bring educational benefit to a classroom.
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Conclusion
Looking at the state of the final product (Figures 18 - 21) and the results from our sample
survey, we can say that the goal of the project was achieved. The final product was engaging to the
students, is easily interacted with, and has shown signs of educational benefits. It achieved the main
goal of being a supporting educational tool while trying to teach subjects relating to water flow, flow
manipulation (water dams), hydroelectric power generation (water wheels), and the effects of flooding.
The STEM outreach (present day and future). Both the Ms. Holly Whitt, the customer, and the students
present for the demonstration showed satisfaction in using the Water Systems Table in the future. They
were also excited for the prospect of additional STEM tools being added to their school curriculum.
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Figures and Illustrations

Figure 1: Demonstration with STEM Tool

Figure 2: Product Breakdown Structure (PBS)
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Figure 3: FEA Example (Created by Team Member, Jacob West)
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Figure 4: Functional Flow Block Diagram (FFBD), (Created by Team Member, Jacob West)
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Figure 5: STEM Outreach, Taking Surveys

Figure 6: STEM Outreach, Demonstration
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Figure 7: Survey Results, Question 1

Figure 8: Survey Results, Question 2

Figure 9: Survey Results, Question 3
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Figure 10: Survey Results, Question 4

Figure 11: Survey Results, Question 5

Figure 32: Survey Results, Question 6
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Figure 43: Survey Results, Question 7

Figure 54: Survey Results, Question 8

Figure 65: Survey Results, Question 9
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Figure 76: Survey Results, Question 10

Figure 87: Survey Results, Question 11
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Figure 98: Water Systems Table, Front

Figure 109: Water Systems Table, Side
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Figure 20: Water Systems Table, Back

Figure 21: Water Systems Table, Inside
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Appendix A
Tuesday, November 29, 2016
Walnut Grove Elementary School
WID/UAH Water Systems Table

Student Survey
Grade:
Age:
Boy/Girl (circle one)
Ethnicity: Check One
African American
Asian
American Indian
Caucasian
Hispanic
Indian
Other

Pre-Demonstration
SURVEY
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Do you like math and science?
Do you know what you would like to do in the future?
If you do know, write what your ideal job would be:
Do you know what STEM means?
Do you know what dams are used for?
Are you likely to find a water wheel still in use today?
Do you know what a “flash flood” is?
Are you familiar with any applications of mass
conservation?
(9) Do you know what components of a motor help create
electricity?
(10) Do you know what it means for something to be “in
equilibrium”?

1
(No/
Nothing)

Answer:

2
(Somewhat/
Maybe)

3
(Yes/
Very Much)
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1

2

3

Post-Demonstration

(No/

(Somewhat/

(Yes/

SURVEY

Nothing)

Maybe)

Very Much)

(1) Do you like math and science?
(2) Do you know what you would like to do in the future?
(3) If you do know, write what your ideal job would be:
(4) Do you know what STEM means?
(5) Do you know what dams are used for?
(6) Are you likely to find a water wheel still in use today?
(7) Do you know what a “flash flood” is?
(8) Are you familiar with any applications of mass
conservation?
(9) Do you know what components of a motor help create
electricity?
(10) Do you know what it means for something to be “in
equilibrium”?
(11) Are you excited about seeing this new tool used in class?
(12) Would you like more STEM tools for use in your classes?

Answer:
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P a g e | 20
Water Systems Table

P a g e | 21
Water Systems Table

P a g e | 22
Water Systems Table

P a g e | 23
Water Systems Table

P a g e | 24
Water Systems Table

